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Introduction: The existence of hydrogen near the lu- Elphic et al. [8] introduced a variant of the pixon al-
nar poles was demonstrated by Feldman et al. [1; 2; 3forithm whereby the reconstruction pixel values are de-
using data from the neutron spectrometer carried by theoupled for two different types of pixel. In this way, it
Lunar Prospector. Whether or not this hydrogen is conis possible to treat cold trap, or shadow, pixels as dis-
centrated into the permanently shaded ‘cold traps’ neatinct from sunlit pixels. They constructed a shadow map
to the lunar poles has not yet been convincingly deterfor the south pole using the best available digital eleva-
mined. This is important because if the hydrogen is contion maps and produced a decoupled reconstruction of
centrated into the cold traps near to the poles, then ithe Lunar Prospector epithermal neutron data. While
is probably locked up in a volatile compound. As the this showed that the data were consistent with significant
most likely candidate is water ice [4], this is of interest concentrations of hydrogen into the cold traps, it did not
both for improving the understanding of the Solar Sys-address whether or not the data themselves actually jus-
tem and for future lunar exploration. If the hydrogen is tified decoupling the shadow pixels.
more diffusely distributed around the polar regions, then  Figure 1 shows both coupled and decoupled recon-
it is more plausible that it is merely the result of the so-structions of the north and south pole Lunar Prospector
lar wind implanting hydrogen into the regolith [5]. The epithermal neutron data. From this it is evident that de-
excess polar hydrogen would result from the lower polarcoupling the shadow pixels leads to significantly lower
temperatures reducing the rate at which it diffuses awayount rates emanating from the cold traps, which means
relative to more equatorial regions. Discriminating be-higher hydrogen concentrations.
tween these two scenarios requires an improved determi- Analysis: In order to choose if the imposition of the
nation of the spatial distribution of the polar hydrogen.shadow map prior to decouple cold trap pixels is neces-
This paper describes the results of applying a newly desary or not, one should consider the radial dependence
veloped pixon image reconstruction algorithm to the Lu-of the mean reduced residual£ R/o, whereoc comes
nar Prospector epithermal neutron data. from Poisson statistics) around the cold traps. For in-

Pixon image reconstruction methods: In the pres-  stance, ifl really has deep, narrow dips in cold trap pix-
ence of both an instrumental blurring, and some ex- els, then a coupled reconstruction will place too many
perimental noiseN, the measured datd), can be re- counts in the cold trap and try to compensate by plac-
lated to the input imagd,, via ing fewer in the surrounding pixels. Referring back to

equation (2), this implies that the mean residual would

D=IxB+N, @) be negative at small radii, then cross over to positive val-

wherex represents the convolution operator. The taskU€s further away from the cold traps. By doing coupled
of an image reconstruction a|gorithm is to choose a re.reconstructlons of many mock data sets, created using as

construction,’, that both avoids unnecessary complex-input images the decoupled reconstructions in the right-

ity and produces a residual field, hand column of Figure 1, it is possible to determine the
radial bias in the residuals resulting from not decoupling
R=D-1I'xB, (2)  the cold trap pixels. This variation can be fitted by the

that is statistically equivalent to the anticipated experi following function:

mental noise. The pixon reconstruction algorithm [6; 7] (d) = { 0.032 tanh (4537) — 0.02 d < 60 kmy;
does this by imposing a spatially varying smoothing on 10 d > 60 km,

the reconstruction, with the scale of this smoothing set 3)

by the local information content in the data. Thus, eachwhered is the distance, in km, from the centre of the cold
pixon, which can be thought of as a set of spatially corretrap. Having quantified the signature in the residual field
lated pixels, contains the same information content. Thehat coupling the cold trap and sunlit pixels is producing,
reconstruction therefore looks smoaoth in this pixon basist is now possible to filter the reduced residuals looking
and the image entropy is maximised. for areas in the image where this error is being made. To
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Figure 2: Cumulative distributions of the pixel shadowi-

Figure 1: Reconstructed epithermal neutron count rat&€Ss for both sunlitand shadow pixels for coupled recon-
maps for the north pole (top row) and south pole (bot-Structions of both poles.

tom row) Lunar Prospector data. The left-hand column

shows the coupled reconstructions, where all pixel values

are correlated, whe_reas the right-hand column in(_:IUdeﬁonvincingly known from digital elevation maps. The
the shadow map prior that allows the reconstruction t

d le th tlv shaded pixels f th th unar Prospector epithermal neutron data alone pick out
ecouple I € permaqgr;}ty: ade i p')t(e sﬂr;m ose %e cold trap pixels as special, and imply that the hydro-
ond corresponds t 1 wid water-equivalent hydrogen, %73 concentrated info coid traps.

The white circles represent latitudes85°, and the shad- Conclusions: By applying a specially developed

ing represents the topoaranhy as imaaed b Clementintgxon image reconstruction algorithm to the Lunar
grep pography g y rospector epithermal neutron data set, it has been shown

that the excess hydrogen near to the lunar poles does
need to be concentrated into cold traps. This implies that

this end, a shadowiness paramesgiis defined as it is most likely to be in the form of water ice rather than
solar wind implanted hydrogen. The results correspond
S=rxF (4) to~ 1wt% water-equivalent hydrogen averaged within

the more hydrogen-rich permanently shaded craters.
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